Introduction {#Sec1}
============

Mobile payment, which service is provided by third-party payment platforms (3PPs) such as Alipay, Wechat Pay and Jingdong Pay, is prevalent in retailing. With the service, consumers can conveniently make payments with cellphones by displaying their Quick Response (QR) codes for sellers to scan, or scanning the sellers' QR codes. Increasing customers use mobile payment in their daily consumption behaviors, such as supermarket shopping, and restaurant bills. Iresearch's reported that the transaction scale of mobile payment reached 110.4 trillion RMB in first half of 2019 in China. The COVID-19 pandemic in 2020 is a great challenge for the world. The virus can spread through contact, whereas cash transactions inevitably lead to contact and increase the likelihood of infection. Compared with contactless mobile payment, cash payment is "unhygienic".[1](#Fn1){ref-type="fn"} On 31 January 2020, the ministry of commerce and the national health commission of China jointly issued "credit card payment and various mobile payment methods are advocated". So far, mobile payment has been penetrated into all aspects of people's daily life in China. Some people even believe that China will enter a cashless era in the future.

Now, increasing retailers introduce 3PPs to provide mobile payment service for consumers, which can significantly affect supply chain operations. The 3PPs are typical bilateral service platforms which link buyers and sellers. The 3PPs can change cash flow in supply chains. In supply chains without 3PP, consumers pay directly to retailers. If 3PPs enters into supply chain, consumers can pay retailers indirectly via 3PPs, which charge commissions for payments and transfer the rest to the retailers (see Table [1](#Tab1){ref-type="table"} for illustrations of 3PP commission rates). Remarkably, 3PPs facilitate credit consumption for consumers. For example, Baitiao (of Jingdong pay) and Huabei (of Alipay) allow consumers to consume now and pay later.[2](#Fn2){ref-type="fn"} Credit consumption usually has a long period for repayment (Chen et al. [@CR4]). The consumers can make interest-free repayment before the deadline. Thus, credit consumption provided by 3PPs can decrease consumer price sensitivity and stimulate demand. Moreover, as an information intermediary, 3PPs can effectively solve the problems caused by information asymmetry between buyers and sellers. Information sharing becomes more feasible with the help of 3PPs.Table 13PPs and commission rates3PPAlipay (%)Wechat (%)Jingdong pay (%)Baidu wallet (%)Union pay (%)Yee pay (%)Commission rate0.60.60.70.60.80.6

Motivated by the prevalence of mobile payment, we investigate the effects of the 3PP entry on supply chain operations and performances. We develop game-theoretic models in a single-manufacturer-and-single-retailer supply chain to which the 3PP may enter. The manufacturer sells a product to consumers through the retailer. The market potential is random, on which the supply chain members may have asymmetric information. If the retailer does not introduce the 3PP, the consumers pay with cash. If the retailer introduces the 3PP, the consumers can use mobile payment, which facilitates credit consumption and decreases consumer price sensitivity. Nevertheless, the retailer has to pay commissions to the 3PP. We consider a multi-stage game: the manufacturer sets the wholesale price in Stage 1, the retailer sets the retail price in Stage 2, the 3PP sets the commission rate in Stage 3, the retailer decides on whether to introduce the 3PP or not in Stage 4. We derive the sub-game perfect equilibrium in both the non-information sharing and information sharing cases. The retailer which is closer to consumers generally has more market information than the manufacturer. In the meantime, the 3PP (such as Alipay and Wechat) can access the retailer's payment information and use it to accurately forecast the market information with big data technology. Thus, both the retailer and 3PP can better forecast the market information than the manufacturer. In the non-information sharing case, the retailer and the 3PP do not share the information with the manufacturer. In the information sharing case, the retailer shares the information with the manufacturer, and thus all supply chain members have symmetric information.

To our best knowledge, our study is the first to analytically address the operations associated with mobile payment and 3PPs in supply chains. Specifically, our research questions are as follows.

What are the optimal decisions of the manufacturer, the retailer and the 3PP with mobile payment?How does the 3PP entry affect the profits of the supply chain members?What are the impacts of information sharing on the supply chain with the 3PP?

We have some interesting results as follows. First, we give the optimal decisions of the manufacturer, the retailer and the 3PP with mobile payment. In both the non-information sharing and information sharing cases, the 3PP should make a reasonable commission rate which can lure the retailer to introduce it as well as maintain its own profitability. As the proportion of the 3PP users increases, the 3PP should decrease the commission rate. As the discount factor of credit consumption increases, the 3PP first increases the commission rate and then decreases it. Given the fact that the 3PP entry decreases the consumer price sensitivity, the retailer increases the retail price to cover the 3PP commissions and gain a higher margin. Anticipating that the consumers and retailer will be less price sensitive, the manufacturer is motivated to increase the wholesale price as well. As the 3PP provides more benefit for the consumer market (when the proportion of 3PP users is higher, the grace period of credit consumption is lower, or the cash opportunity cost is lower), the manufacturer and the retailer will further increase the prices. Moreover, the 3PP entry allows price increase without sacrificing the demand, because of the decreased consumer price sensitivity.

Second, we reveal the effects of the 3PP entry on the expected profits of the manufacturer, the retailer and the supply chain in the cases of non-information sharing and information sharing. In both cases, the 3PP entry causes a win-lose situation for the manufacturer and the retailer. One may intuit that the retailer will always benefit from the 3PP, as the retailer has the option of forgoing the 3PP if it is unprofitable. Indeed, given a specific wholesale price, the retailer may achieve a higher profit by introducing the 3PP. However, the retailer makes the decision after the manufacturer. The manufacturer can adjust the wholesale price with the anticipation of the retailer's reactions. If the manufacturer anticipates that the retailer will introduce the 3PP, the manufacturer acknowledges that the consumers will be less price sensitive. This motivates the manufacturer to increase the wholesale price to a large extent. The manufacturer has a first mover advantage. Although the follower retailer intends to benefit from the 3PP, the benefit is deprived of by the leader manufacturer. Meanwhile, the retailer is burdened with the 3PP commissions. An unexpected consequence is that the retailer is harmed by the 3PP. As to the supply chain, the entry of 3PP increases the expected profit if the 3PP entry can significantly decrease consumer price sensitivity or its fixed investment cost is low.

Third, we examine the value of information sharing in supply chains with and without the 3PP. When the resolved market potential is lower than the expected market potential (i.e., a bad market), information sharing will drive the manufacturer and the retailer to decrease the prices, and drive the 3PP to increase the commission rate; When the resolved market potential is higher than the expected market potential (i.e., a good market), information sharing will drive the manufacturer and the retailer to increase the prices, and drive the 3PP to reduce the commission rate. In terms of expected profits, information sharing benefits the manufacturer and the 3PP but harms the retailer. It is intuitive that with information sharing, the manufacturer will make more informed decision and achieve a higher expected profit. For the 3PP, information sharing leads to higher wholesale and retail prices and more commissions in a good market, and allows the 3PP to increase the commission rate in a bad market where credit consumption is critical in stimulating demand. In both the good and bad markets, the 3PP can be better off from information sharing. Furthermore, while information sharing always decreases the expected profit for the supply chain without the 3PP, it may increase the expected profit for the supply chain with the 3PP. To improve the supply chain profitability, we suggest to provide incentives for retailer information sharing if the 3PP can significantly decrease consumer price sensitivity (i.e., the proportion of the 3PP users is higher, the grace period of credit consumption is lower, or the cash opportunity cost is lower).

The rest of this paper is organized as follows. Section [2](#Sec2){ref-type="sec"} reviews the related literature. Section [3](#Sec3){ref-type="sec"} introduces the model, and shows the equilibrium in the non-information sharing case and information sharing case. In Sect. [4](#Sec6){ref-type="sec"}, we analyze the equilibrium. Section [5](#Sec9){ref-type="sec"} concludes the findings, discusses managerial insights, and proposes future research directions. All proofs are provided in the Appendix.

Literature review {#Sec2}
=================

Our research is related to three streams of research: supply chain intermediation, supply chain finance and information sharing. A large body of literature has recognized that the entry of an intermediation will significantly impact the supply chain members. Wu ([@CR30]) identifies transactional and informational advantages offered by supply chain intermediaries, including reducing information asymmetry between user groups and reducing costs of searching and matching. Belavina and Girotra ([@CR2]) find that intermediaries can improve supply chain performance through relationship advantages even without transactional and informational advantages. Yang and Babich ([@CR33]) find that buyers can benefit from the services of intermediaries which have better information on the supply risk. Adida et al. ([@CR1]) find that the entry of intermediaries will cause competition between them and the retailer. Kannan et al. ([@CR16]) propose a cost effective third-party reverse logistics which collect returned products from various companies. Govindan et al. ([@CR11]) show that outsourcing reverse logistics to the intermediaries is important, because they can help companies fulfil legislation requirements and increase customer satisfaction. Singh et al. ([@CR28]) show that third party logistics for cold chain management need to consider various criterion of the outsourcing firm. Zhen et al. ([@CR35]) find that a captical constricted manufacturer which sells products through a retailer and a third-party platform prefers the third-party platform credit financing to bank credit financing. Different from these studies, we focus on 3PPs which are the intermediary between retailers and consumers.

Second, our study is related to supply chain finance, as the 3PP provides credit consumption for consumers. Chen and Wang ([@CR5]) find that trade credit contract can create value for a two-level supply under budget constraints. Katehakis et al. ([@CR17]) study the optimal financing decision for the small-to-medium size enterprises in both single-period and multiple-period competition. Wuttke et al. ([@CR31]) show that it is often not optimal to introduce supply chain finance immediately but rather to wait until a specific fraction of suppliers are persuaded of the supply chain finance concept. Chen et al. ([@CR4]) conceptualize the cash flow dynamics in a supply chain consisting of a manufacturer, a buyer, and a third-party logistic firm which provides procurement and financial assistance to buyers. The study finds that the supply chain's profit can be higher under leadership by the third-party logistic firm than by the manufacturer. Yan et al. ([@CR32]) find that loss-averse retailers will order more under the supplier investment than under the supplier finance. Li et al. ([@CR18]) find that in a dual-channel supply chain consisting of a competitive supplier and a capital-constrained manufacturer, trade credit is an equilibrium strategy when the proportion of equity financing is large or small, and otherwise trade credit or hybrid financing is an equilibrium strategy. While the previous supply chain finance literature focuses on financing schemes between the manufacturer and the retailer, we consider the financing scheme for consumers---credit consumption. Our study reveals the impacts credit consumption on the pricing decisions of the retailer and the upstream manufacturer.

Third, our study is related to the information sharing literature. The use of the information is undoubtedly critical in modern supply chain management, which is investigated in vast literature. Ha and Tong ([@CR14]) find that a supply chain will lower its selling quantities when the supply chain does not have information sharing. Choi et al. ([@CR7]) show that information sharing is the most beneficial for suppliers when the yield variance is high and the demand variance is low. Shamir ([@CR22]) demonstrates that competing retailers can establish a cartel by using information leakage to signal their private information to one another. Shamir and Shin ([@CR23]) show that by making information publicly available to achieve information sharing can benefit all the firms in the market as well as consumers. Ha et al. ([@CR13]) show that if a manufacturer is efficient in cost reduction, information sharing will benefit the supply chain by reducing a manufacturer's wholesale price and unit production cost. Huang et al. ([@CR15]) demonstrate that retailers may prefer to voluntarily share their private demand information in anticipation of suppliers' potential for encroachment. Zhang et al. ([@CR34]) show that the information sharing can lead to environmentally friendlier and more efficient supply chain, and sharing the cost of information sharing can coordination the supply chain. Shen et al. ([@CR24], [@CR25]) review the major application areas of information usage and report the historical development of major related topics. Following this stream of research, we consider that the manufacturer, the retailer and the 3PP may have asymmetric information, and examine the value of information sharing.

Model {#Sec3}
=====

We consider a supply chain in which a manufacturer sells a product via an independent retailer. The manufacturer produces the product at a marginal cost which is normalized to zero, and sells it to the retailer at wholesale price *w*. The retailer resells it to consumers at retail price *p*. Without the 3PP, the consumers pay the retailer with cash. To provide the mobile payment service, the 3PP may enter the market with a fixed investment cost *F*, which includes developing information system and purchasing hardware (e.g., POS). The 3PP charges a commission rate *r* for the payment. That is, if a consumer pays *p* for a product via the 3PP, the 3PP charges $\documentclass[12pt]{minimal}
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                \begin{document}$$ \left( {1 - r} \right) p $$\end{document}$. Figure [1](#Fig1){ref-type="fig"} shows the supply chain structure.Fig. 1Supply chain structure (the decisions of the consumption credit institution are exogenous)

Following Choi and Fredj ([@CR8]), Dong et al. ([@CR10]) and Shen et al. ([@CR26]), we establish a downward sloping linear demand function which is given by:$$\documentclass[12pt]{minimal}
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                \begin{document}$$ \upvarepsilon $$\end{document}$ represents the uncertainty level for the market potential. Following Huang et al. ([@CR15]), we assume that $\documentclass[12pt]{minimal}
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Introducing the 3PP will affect the demand function in Eq. ([1](#Equ1){ref-type=""}), because the 3PP facilitates credit consumption and decreases consumer price sensitivity. If the retailer introduces the 3PP, the consumers have two payment options: paying through the 3PP or in cash. We consider $\documentclass[12pt]{minimal}
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                \begin{document}$$ 0 \le \lambda \le 1 $$\end{document}$. The 3PP users benefit from the opportunity cost of cash, because the 3PP provides credit consumption and allows delay payment. The actual price for the 3PP users is $\documentclass[12pt]{minimal}
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                \begin{document}$$ p/\left( {1 + Il} \right) $$\end{document}$, where *I* is the unit cash opportunity cost per time unit (e.g., interest rate) and *l* is the grace period (Chen et al. [@CR4]). For ease of exposition, let $\documentclass[12pt]{minimal}
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                \begin{document}$$ l $$\end{document}$ are higher) implies that consumers can gain more benefit from credit consumption. We consider that without the entry of 3PP, the retailer does not allow credit consumption. This is true for small retailers because commercial banks are not interested in serving them or because they are not qualified.

When the 3PP is introduced, the demand from the 3PP users is:$$\documentclass[12pt]{minimal}
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The demand from the cash users is:$$\documentclass[12pt]{minimal}
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The total demand for the product is:$$\documentclass[12pt]{minimal}
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                \begin{document}$$ 0 < X < 1 $$\end{document}$, which indicates that the 3PP entry can decrease the price sensitivity.

The profits of the retailer, the 3PP and the manufacturer are:$$\documentclass[12pt]{minimal}
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The game sequence is as follows. In Stage 1, the manufacturer sets the wholesale price, *w*. In Stage 2, the retailer sets the retail price, *p*. In Stage 3, the 3PP sets the commission rate, *r*. In Stage 4, the retailer decides on whether to introduce the 3PP or not. All of the supply chain members are risk neutral and maximize their own expected profit. Our following analysis focuses on *X* \> $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \frac{2}{3} $$\end{document}$, which indicates that the discount factor of credit consumption is not extremely low. Because the supply chain has zero profit in the non-information sharing case when $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \hat{\varepsilon } \le \frac{{\left( {2 - X} \right)\xi - 3X + 2}}{2X} $$\end{document}$, we assume $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \xi < \frac{{3{\text{X}} - 2}}{{2 - {\text{X}}}} $$\end{document}$ which is sufficient condition to ensure supply chain profitability. The notation in the paper is summarized in Table [2](#Tab2){ref-type="table"}.Table 2Summary of notationNotationMeaning$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ p $$\end{document}$The retail price$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ w $$\end{document}$The wholesale price$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \upvarepsilon $$\end{document}$The uncertainty level for the market potential$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {\hat{\varepsilon }} $$\end{document}$The resolved uncertainty part of the market potential$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \xi $$\end{document}$The expected uncertainty part of the market potential$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ q $$\end{document}$The total demand for the product$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \lambda $$\end{document}$The proportion of the 3PP users$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ I $$\end{document}$The unit cash opportunity cost$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ l $$\end{document}$The grace period of credit consumption$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \delta $$\end{document}$The discount factor of credit consumption, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \delta = 1/\left( {1 + Il} \right) $$\end{document}$*X*The consumer price sensitivity with the 3PP entry, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ X = 1 -\uplambda +\uplambda \updelta $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ r $$\end{document}$The commission rate of the 3PP$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ F $$\end{document}$The fixed investment cost of the 3PP$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ q_{n} $$\end{document}$The demand from the cash users$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ q_{p} $$\end{document}$The demand from the 3PP users$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \pi_{m} $$\end{document}$The manufacturer's profit$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \pi_{r} $$\end{document}$The retailer's profit$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \pi_{p} $$\end{document}$The 3PP's profit$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \pi_{c} $$\end{document}$The supply chain's profit

Non-information sharing case {#Sec4}
----------------------------
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Analysis {#Sec6}
========

Based on equilibrium of four models---without the 3PP and non-information sharing, with the 3PP and non-information sharing, without the 3PP and information sharing, and with the 3PP and information sharing, we can reveal the effects of the 3PP entry and the effects of information sharing.

Effects of the 3PP entry {#Sec7}
------------------------

In Sect. [4.1](#Sec7){ref-type="sec"}, we compare the equilibrium with and without the 3PP to examine the effects of the 3PP entry in each information case.

### **Proposition 1** {#FPar1}

*By comparing the equilibrium prices and expected quantities with and without the 3PP, we have:* $\documentclass[12pt]{minimal}
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*where i *=* N or I.*

Proposition [1](#FPar1){ref-type="sec"} (1) shows that the entry of 3PP will increase the wholesale price and the retail price in both the non-information sharing case and the information sharing case. There are two reasons for the retailer to increase the price in response to the 3PP entry. First, the retailer needs to pay a certain amount of commission to the 3PP, and the retailer has to increase the price to cover the additional cost. Second, the 3PP entry facilitates credit consumption and decreases price sensitivity, which incentivizes the retailer to increase the price to gain a higher margin. The manufacturer, which anticipates the price enhancement of the downstream retailer, is motivated to increase the wholesale price as well.

Proposition [1](#FPar1){ref-type="sec"} (2) shows that 3PP entry increases the total demand in both the non-information sharing case and the information sharing case. This implies that mobile payment and the 3PP entry allows the retailer to increase the price without compromising the demand, because of the decreased price sensitivity. Not surprisingly, the entry of 3PP decreases the amount of consumers who pay in cash. In fact, this may benefit the retailer because paying in cash generally incurs significant higher operational cost for the retailer. Some interesting news reported that, thieves have made a fresh start and behaved well because the convenience stores in China have little cash.[4](#Fn4){ref-type="fn"}
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Proposition [2](#FPar2){ref-type="sec"} shows that in both the non-information sharing and information sharing cases, the entry of 3PP causes a win-lose situation for the manufacturer and the retailer, and may increase or decrease the supply chain's profit. Given the wholesale price, the retailer will introduce the 3PP if and only if it is profitable, and thus the retailer can be better off from the 3PP entry. But this is not true if the upstream manufacturer can adjust the wholesale price accordingly. The manufacturer which anticipates the 3PP entry and decreased price sensitivity will increase the wholesale price to a large extent. The first mover manufacturer seizes all of the benefit of the 3PP entry from the retailer, leaving the retailer burdened with the commissions for the 3PP. As a consequence, the 3PP entry benefits the manufacturer but harms the retailer. For the supply chain, the entry of 3PP increases the expected profit if the fixed investment cost of the 3PP is low, otherwise decreases the expected profit.
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Effects of information sharing {#Sec8}
------------------------------

In Sect. [4.2](#Sec8){ref-type="sec"}, we compare the non-information sharing case and the information sharing case to reveal the value of information sharing.

### **Proposition 3** {#FPar3}
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Proposition [4](#FPar4){ref-type="sec"} reveals that information sharing benefits the manufacturer and the 3PP, but harms the retailer. With or without the 3PP entry, the manufacturer always benefits from information sharing, because it provides more accurate information for the decision making. Information sharing also increases the expected profit for the 3PP, because it leads to a higher retail price and more commissions for the 3PP in a good market and allows the 3PP to increase the commission rate in a bad market. However, the retailer prefers to maintain the information privilege rather than sharing the information with the manufacturer. That is, the retailer will not volunteer to share the information.

Next, we discuss the effects of information sharing on the supply chain. For the supply chain without the 3PP, information sharing always decreases the expected profit; however, for the supply chain with the 3PP, information sharing increases the expected profit when *X* is low and decreases the expected profit when $\documentclass[12pt]{minimal}
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Furthermore, we examine the value of information sharing. Let $\documentclass[12pt]{minimal}
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Conclusion {#Sec9}
==========

Motivated by the prevalence of mobile payment, this study builds game-theoretic models to conceptualize the impacts of third-party payment platforms (3PPs) on supply chains: change of cash flow, decrease of consumer price sensitivity, and feasibility of information sharing. We study four supply chain models: without the 3PP and non-information sharing, with the 3PP and non-information sharing, without the 3PP and information sharing, and with the 3PP and information sharing. By analyzing the equilibrium, we answer the research questions and provide suggestions for enterprises.

In both the information sharing and non-information sharing cases, we have the following findings on the implications of the 3PP entry. The 3PP entry which facilitates credit consumption can decrease consumer price sensitivity. This effect is more significant when the proportion of 3PP users is higher, the grace period of credit consumption is lower, or the cash opportunity cost is lower. Because of the decreased price sensitivity, the 3PP entry leads to higher wholesale and retail prices, as well as higher demand. Although the retailer can gain a higher margin, it has to undertake the 3PP commissions. Meanwhile, the first mover manufacturer increases the wholesale price to a large extent to seize all of the benefit provided by the 3PP. As a result, the 3PP entry causes a win-lose situation for the manufacturer and the retailer. For the supply chain, the 3PP entry is desirable if it can significantly decrease consumer price sensitivity or its fixed investment cost is low.

By comparing the information sharing and non-information sharing cases, we reveal the effects of information sharing. When the resolved market potential is lower than the expected market potential (i.e., a bad market), information sharing will drive the manufacturer and the retailer to decrease the respective price, which mitigates the double marginalization effect; When the resolved market potential is higher than the expected market potential (i.e., a good market), information sharing will drive the manufacturer and the retailer to increase the respective price, which increase the double marginalization effect. Information sharing benefits the manufacturer and the 3PP but harms the retailer. Moreover, while information sharing always decreases the expected profit for the supply chain without the 3PP, it may increase the expected profit for the supply chain with the 3PP.

A number of questions remain unaddressed in this study, and may be worth future investigation. First, mobile payment can effectively reduce the operational cost of retailers. The mobile pay not only reduces the computing time of service personnel, but also reduces the cost of retailer and saves the time of consumers. To focus on our research questions, our model does not incorporate the operational cost; and therefore, we are unable to conceptualize this characteristic of mobile pay. Second, future studies can extend the model to study different game sequence. For example, the 3PP is the game leader, and the manufacturer and the retailer can responsively adjust the prices. Third, we consider a supply chain consists of a single retailer, a single 3PP, and a single manufacturer, and do not consider the competition in the supply chain. Forth, we assume the uncertainty level of the market potential follows a uniform distribution. Future research can extend to consider a normal distribution, see, for example, Chan et al. ([@CR3]), Choi et al. ([@CR9]), Shen et al. ([@CR24], [@CR25]), and Shi and Shen ([@CR27]). Moreover, future studies can consider risk attitude of supply chain members, see, for example, Chiu et al. ([@CR6]).

Appendix {#Sec10}
========

Derivation of the equilibrium in the non-information sharing case {#Sec11}
-----------------------------------------------------------------

We find the sub-game perfect equilibrium by backward induction.

In Stage 4, given *w*, *p* and *r*, the retailer decides on whether to introduce the 3PP or not. When the 3PP does not exist, $\documentclass[12pt]{minimal}
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By substituting Eq. ([14](#Equ14){ref-type=""}) into Eq. ([12](#Equ12){ref-type=""}), we have the equilibrium retail price:$$\documentclass[12pt]{minimal}
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The unconditional expected profits of the retailer and the 3PP are:$$\documentclass[12pt]{minimal}
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The equilibrium is summarized in Table [3](#Tab3){ref-type="table"}.

Derivation of the equilibrium in the information sharing case {#Sec12}
-------------------------------------------------------------

We derive the equilibrium by backward induction. In Stages 2--4, the decisions of the retailer and the 3PP are the same in the asymmetric and symmetric cases.

In Stage 1, anticipating the best responses of the retailer and the 3PP, the manufacturer decides on the optimal *w* to maximize its expected profit given by:$$\documentclass[12pt]{minimal}
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By substituting Eq. ([24](#Equ24){ref-type=""}) into Eq. ([12](#Equ12){ref-type=""}), we have the equilibrium retail price:$$\documentclass[12pt]{minimal}
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Overall, the equilibrium is concluded in Table [4](#Tab4){ref-type="table"}.

Proof of Propositions [1](#FPar1){ref-type="sec"}--[2](#FPar2){ref-type="sec"} {#Sec13}
------------------------------------------------------------------------------

The results can be straightforwardly obtained by comparing the equilibrium with and without the 3PP, the details are omitted.

Proof of Propositions [3](#FPar3){ref-type="sec"}--[4](#FPar4){ref-type="sec"} {#Sec14}
------------------------------------------------------------------------------

The results can be straightforwardly obtained by comparing the equilibrium in the non-information sharing case and the information sharing case, the details are omitted.

<http://www.gov.cn/zhengce/zhengceku/2020-02/01/content_5473639.htm>.

In Chinese, baitiao means "you can pay later" and Huabei means "just consume it".

We thank the anonymous review for the insightful comment.

<https://www.sohu.com/a/197649388_114760>.
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